Incidence of synchronous peritoneal metastases (PM) in colorectal cancer is approximately 5%, with another 5% of the patients develop metachronous PM. Colorectal PM has been hypothesized to be a loco-regional disease rather than a systemic spread, and cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) has been considered as a viable treatment option. Pelvic exenteration is an established treatment option for locally advanced rectal cancer, but it is associated with significant morbidity. However, there are no studies evaluating the role of such procedure probably because the majority consider it as an exclusion criterion. Here, we present our experience with three cases of locally advanced rectal cancer with PM, treated successfully with pelvic exenteration and CRS-HIPEC.
Introduction
Colorectal cancer is the fourth most prevalent cancer worldwide, and metastatic disease is the predominant cause of death in this disease. The incidence of synchronous peritoneal metastases (PM) in colorectal cancer is approximately 5%, with another 5% of the patients developing clinically relevant metachronous PM during the natural course of the disease [1, 2] . Colorectal PM has been hypothesized to be a locoregional disease rather than a systemic spread, and cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) has been considered as a viable treatment option with acceptable morbidity and improved long-term survival [3] . Pelvic exenteration is an established treatment option for locally advanced rectal cancer, but it is associated with significant morbidity and therefore, many investigators do not recommend CRS-HIPEC with pelvic exenteration. However, there are no studies evaluating the role of such procedure probably because the majority consider it as an exclusion criterion. Here, we present our experience with three cases of locally advanced rectal cancer with PM, treated with pelvic exenteration with CRS-HIPEC (Table 1) .
Case 1
A 38-year-old female with symptoms of abdominal pain and constipation was diagnosed with moderately differentiated adenocarcinoma of the middle third rectum infiltrating into the vagina. Diagnostic laparoscopy revealed a peritoneal carcinomatosis index (PCI) of 4. She was treated with short course radiotherapy (SCRT, 25Gy in 5#) followed by 4 cycles of neoadjuvant capecetabine-oxaliplatin chemotherapy (CAPOX). Response assessment MRI revealed excellent response in primary lesion. In view of young age, good performance status, and excellent response to neoadjuvant treatment, she was planned for exenterative surgery. On exploration, PM was confined to pelvic cavity with PCI of 3-4. Posterior exenteration with pelvic peritonectomy and omentectomy was done to achieve complete cytoreduction (CC-0). HIPEC was done using Adriamycin (15 mg/kg/m 2 ) and Mitomycin (15 mg/kg/m 2 ). Intraoperative course and postoperative recovery was smooth and uneventful; she was discharged on postoperative day 8. Her histopathology was suggestive of scanty residual moderately differentiated adenocarcinoma with 7 reactive nodes and metastatic deposits in right ovary (Pt4N0M1). She received 4 cycles of adjuvant CAPOX and doing well with no recurrence at 2 years after surgery.
Case 2
A 22-year-old male was diagnosed with a case of metastatic (PM, PCI-5) signet ring adenocarcinoma of the lower third rectum infiltrating into the urinary bladder trigone. He was treated with 3# CAPOX followed by long-course neoadjuvant chemoradiation (NACTRT) and further 4# CAPOX (in view of positive circumferential resection margin, i.e., CRM, after NACTRT). Post neoadjuvant treatment, disease was stable and he was planned for surgery. He underwent total pelvic exenteration (TPE), pelvic peritonectomy+ omentectomy, and HIPEC (oxaliplatin, 350 mg/kg/m 2 ) to achieve CC-0. Intraoperative course was uneventful. On postoperative day 4, he had ileo-ileal anastomotic leak, which was managed with re-exploration and re-anastomosis. Histopathology revealed residual poorly differentiated adenocarcinoma infiltrating into bladder/ periprostatic tissue with negative regional lymph nodes (Pt4N0M1). He received 4# single agent capecetabine as adjuvant therapy. Follow-up PET-CT at 1 year after surgery showed metastatic left common iliac node, for which chemotherapy was advised but patient refused and is presently under observation.
Case 3
A 23-year-old female was diagnosed with a case of locally advanced lower third rectal cancer infiltrating into the vagina with limited pelvic peritoneal metastasis and PCI of 6. She was treated with SCRT followed by 4# CAPOX. Post neoadjuvant therapy, disease was stable and she underwent posterior pelvic exenteration, pelvic + paracolic peritonectomy with HIPEC to achieve CC-0. Intraoperative course was uneventful with mild paralytic ileus in early postoperative period, managed conservatively. Histopathology revealed complete MDAC moderately differentiated adenocarcinoma, PDAC poorly differentiated adenocarcinoma, SCRT short-course radiotherapy, NACTRT neoadjuvant chemoradiotherapy, CAPOX capecetabine + oxaliplatin-based chemotherapy, HIPEC hyperthermic intraperitoneal chemotherapy response in primary lesion with negative regional nodes and metastatic deposits in ovaries, omentum, and peritoneum (pTxN0M1). She received 4# of adjuvant CAPOX. At 30 months of follow-up, she developed recurrence in ileum and underwent ileal resection with retroperitoneal lymphadenectomy followed by chemotherapy. Currently, she is under follow-up and is disease free. Table 1 represents the summary of the three cases and Fig. 1 depicts pre-treatment MRI showing the disease extent.
Discussion
PM, commonly referred as peritoneal carcinomatosis, are metastatic deposits on the peritoneal surface throughout the abdominal cavity. Although PM may virtually arise from any organ malignancy, these are most commonly seen with ovarian cancer in females and colorectal cancer in males. PM was traditionally associated with poor life expectancy and treated with palliative care. Median survivals of 15-24 months have been reported with advances in systemic chemotherapy [4, 5] but many patients (60%) fail to complete the complete chemotherapy course due to adverse effects and poor performance status in advanced stages of the disease. Cytoreductive surgery with HIPEC is an effective treatment option for colorectal cancer + PM, with reported median survival of up to 62 months and 5-year survival of around 40% [6] . Role of CRS + HIPEC in colorectal PM has been investigated in two randomized trials. The first study by Verwaal et al. [7] showed a significant survival benefit in patients who underwent CRS + HIPEC followed by adjuvant systemic 5-fluorouracil with leucovorin compared to patients who received systemic 5-fluorouracil with leucovorin alone. However, the true benefit of CRS + HIPEC cannot be predicted precisely in the current period because of the outdated systemic chemotherapy regimen used in this study. Another study by Cashin et al. [8] showed a significant survival benefit in patients treated with CRS + HIPEC compared to patients treated with oxaliplatin-based chemotherapy. A prospectively conducted study by Henderson et al. [9] showed that radical resection with HIPEC for colorectal cancer peritoneal metastases is safe in selected patients and long-term survival is possible.
Recently published phase III randomized trial (PRODIGE 7) has shown lack of survival benefit and increased morbidity with HIPEC in patients of metastatic colorectal cancer [10] . However, HIPEC definitely conferred a survival advantage in patients with higher PCI (11-15 group) . Moreover, the chemotherapeutic drug used in this trial was oxaliplatin, and the results of HIPEC may be different with agents other than oxaliplatin.
In non-metastatic setting, colon and rectal cancers are considered separate entities with different treatment approach and prognosis [11, 12] . However, these differences are less evident in patients with PM, who are treated with CRS + HIPEC and colorectal PM are often considered as one disease, regardless of their origin [13] . As a result, a small number of rectal cancer patients are camouflaged by relatively large number of colon cancer patients.
Very few studies are available specifically focusing on rectal cancer patients undergoing CRS + HIPEC for PM, and the results are contradictory. The most recent and largest study included 29 rectal cancer patients and reported similar recurrence and survival rates compared with colon cancer patients, with 5-year survival rates of~30% in both groups [14] . These results are in contrast with two studies with rectal cancer patients who were treated with CRS + HIPEC in which survival was diminished compared to colonic PM patients. However, in large study, investigating prognostic factors for survival after CRS + HIPEC, rectal origin did not seem to influence survival, and outcomes were comparable to patients with colonic PM [15] . Pelvic exenteration has been described as an established treatment option for locally advanced rectal cancer in selected patients. Pelvic exenteration as a part of cytoreductive surgery has been described in ovarian cancer [16] . However, pelvic exenteration as a part of cytoreductive surgery for rectal cancer is still in infancy and considered too morbid a procedure to be combined with HIPEC. Actual data on morbidity and longterm survival following such a procedure are lacking, and therefore subset of patients are probably being denied a chance for effective treatment, and possibly cure. We intended to report our initial experience with three cases of rectal cancer treated with pelvic exenteration and CRS + HIPEC. Operative factors like blood loss, duration of surgery, hospital stay, and perioperative morbidity were acceptable in these selected cases with no postoperative mortality so far. One important task during total pelvic exenteration is monitoring urine output during HIPEC, as urinary conduit is usually made after the HIPEC is over. We prefer to put bilateral ureteric catheters and monitor the urine output during the procedure. All three cases were alive at 12 months after surgery and two had recurrence.
Conclusion
Pelvic exenteration with CRS + HIPEC can be offered in selected cases with acceptable morbidity and probably chances of better survival. Cytoreductive surgery with complete cytoreduction (CC-0) should be aimed and supramajor procedures like pelvic exenteration (either total or partial) can be combined with HIPEC in carefully selected cases. Further studies with larger cohort of patients are required before negating or promoting possibility of such a procedure.
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